The nematode Caenorhabditis elegans contains over 20 genes for TRP (transient receptor potential) channels which include members of all of the subclasses identified in mammalian cells. These proteins include three members of the TRPM (TRP melastatin) family: gon-2 (abnormal gonad development), gtl-1 (gon-2-like 1) and gtl-2. Although studies of these genes are at an early stage, we are beginning to understand their functions in the life of C. elegans. Mutations in gon-2 have defective gonad formation because of failures in the cell division of the somatic gonad precursor cells. gon-2 and gtl-1 are both expressed in the intestine of the animal. Experiments on gon-2,gtl-1 double mutants show that they have a severe growth defect that is ameliorated by the addition of high levels of Mg 2+ to the growth medium. gon-2,gtl-1 double mutants have defective magnesium homoeostasis and also have altered sensitivity to toxic levels of Ni 2+ . Furthermore gon-2 mutants have reduced levels of I ORCa (outwardly rectifying calcium current) in the intestinal cells. Thus these two channels appear to play an important role in cation homoeostasis in C. elegans. In addition, perturbing the function of gon-2 and gtl-1 disrupts the ultradian defecation rhythm in C. elegans, suggesting that these channels play an important role in regulating this calcium-dependent rhythmic process. The tractability of C. elegans as an experimental animal and its amenability to techniques such as RNAi (RNA interference) and in vivo imaging make it an excellent system for an integrative analysis of TRPM function.
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Overview of TRPM channels in C. elegans
Analysis of the complete genome sequence of the nematode Caenorhabditis elegans reveals that there are a large number, at least 23, and a wide range of TRP (transient receptor potential) channels present in this relatively simple organism [1, 2] . This collection of TRP channels includes representatives of each of the major subdivisions identified in mammals as well as a number of channels which, thus far, appear to be specific to nematodes. The C. elegans TRP superfamily includes three clear orthologues of the TRPM (TRP melastatin) family: gon-2 (abnormal gonad development), gtl-1 (gon-2-like 1) and gtl-2. The channel encoded by the apoptosis gene ced-11 (cell death abnormality 11) has also been considered to be member of the TRPM [then LTRP (long TRP)] family in earlier analysis [3] , but phylogenetic analysis of the whole TRP family in C. elegans does not suggest that it belongs specifically in the TRPM family (H.A. Baylis, unpublished work). We will therefore limit this discussion to the three clear orthologues described above.
gon-2, gtl-1 and gtl-2 share approx. 28% identity with each other [2] . Phylogenetic analysis suggests that the three C. elegans channels are more closely related to each other than to any mammalian channels and that they are slightly more closely related to the TRPM1, TRPM3, TRPM6 and TRPM7 subgroup of mammalian channels. The C. elegans channels share approx. 23% identity with members of the TRPM1, TRPM3, TRPM6 and TRPM7 subgroup (see [2] and also [4, 5] for reviews of mammalian TRPM channels). The C. elegans proteins have the common structural features of TRPM channels including the typical EWKFAR box and a coiled-coil domain in the N-terminal region; however, none of the C. elegans channels contains either the kinase or Nudixrelated enzymatic domains identified in TRPM2, and TRPM6 and TRPM7 respectively [4, 5] .
Investigations of the functions and regulation of these channels in C. elegans remain at an early stage. Detailed studies of gon-2 and gtl-1 are discussed below. Very little is known about gtl-2. Experiments using transgenic animal carrying gtl-2::GFP (green fluorescent protein) fusions identified its site of expression as the excretory canal cell [6] which plays an important role in osmoregulation in C. elegans. [7, 8] . Similar studies, in our laboratory, using gtl-2::GFP fusions and immunocytochemistry revealed expression in the excretory cell and the pharynx, the feeding organ of the worm (C.S.M. Kwan and H.A. Baylis, unpublished work). The role of gtl-2 remains to be clarified; however, a knockout mutant is now available and this should speed up progress.
gon-2 is required for the development of the somatic gonad
In wild-type stocks of C. elegans, 99.9% of worms are self-fertilizing hermaphrodites. In these animals, the gonad consists of a bilobal tube containing the germ line. The two gonad arms converge on a shared uterus and vulva. With the exception of the vulva and some excitable cells, the entire gonad derives from a single cell called the Z cell. The germline derives from the Z2 and Z3 derivatives of the Z cell, whereas the somatic gonad derives from Z1 and Z4 (see http://www.wormatlas.org for further details of worm anatomy). A number of mutants have been isolated which are defective in gonad development. Of these one, gon-2, encodes a TRPM channel [9] . A range of mutations in gon-2 have been isolated, including temperature-sensitive alleles [10] . In gon-2 mutants, Z1 and Z4 often fail to divide, resulting in the gonadless phenotype [10] . Molecular analysis suggests that gon-2 is expressed in the gonad and elsewhere [9] . The mechanism by which gon-2 regulates mitotic progression is unknown; nevertheless, the phenotype has intriguing parallels to the roles of some mammalian TRPM channels, e.g. TRPM1, TRPM5, TRPM7 and TRPM8 in growth-related aspects of cell biology (see [2, 4] and references therein).
Suppressor screens, i.e. genetic screens designed to identify second site mutations which are able to suppress the phenotype of the known mutation, provide a powerful genetic approach to identifying genes which operate within the same pathway or network as the gene of interest. The use of such an approach led to the identification of the gene gem-4 (gon-2 extragenic modifier) as a suppressor of the gonadless defect in gon-2 [11] . gem-4 is a member of the copine family of calciumdependent phospholipid-binding proteins. The importance of gem-4 in signalling through gon-2 remains unclear [11] .
gtl-1 and gon-2 mediate cation transport in the intestine
The C. elegans intestine consists of a single layer of 20 polarized epithelial cells ( [12, 13] and see http://www.wormatlas. org). At least three broad functions are known to be mediated by the intestine: first, the uptake and, presumably, transport and storage of nutrients from the animals diet; secondly, the production of yolk proteins; and thirdly, the regulation of defecation, to which we will return later. Transgenic animals carrying fusions of GFP to either gtl-1 or gon-2 show expression in the intestine ( [7] , and C.S.M Kwan and H.A. Baylis, unpublished work). In situ staining of RNA confirms this for gtl-1 (C.S.M Kwan and H.A. Baylis, unpublished work). Full-length fusions of the gtl-1 gene show localization to the apical (i.e. luminal) side of the cells [6] . There are now three independently derived gtl-1-knockout mutants, all of which are viable and show good growth under normal laboratory conditions. Similarly, gon-2 mutants show good growth aside from the defects in fertility that derive from defective gonad development. However, gon-2,gtl-1 double mutants have a very serious growth defect and in fact fail to grow under normal culture conditions [6] . This growth defect can be rescued by growing worms on elevated Mg 2+ . Given this growth defect and the role of gon-2 in fertility, the production of double mutants is clearly difficult. The existing double mutant consists of a temperaturesensitive gon-2 allele (q388) and a gtl-1 deletion allele and needs to be maintained on high Mg 2+ [6] . The observed effect of Mg 2+ , the localization of the proteins in the intestine and the role of mammalian TRPM channels in Mg 2+ homoeostasis [14] [15] [16] prompted further investigation of the role of these channels in cation homoeostasis in the intestine [6] . TRPM6 and TRPM7 are important for normal magnesium homoeostasis in mammals [14] [15] [16] . They are also permeable to a number of trace metal ions, including Ni 2+ [5] , which is toxic to C. elegans [17] . Teramoto et al. [6] 
gon-2 may encode I ORCa , an outwardly rectifying calcium current, in intestinal cells
The electrophysiological properties of cultured intestinal cells have been carefully characterized by Strange and colleagues [18, 19] . They identified and characterized two currents: I ORCa , an outwardly rectifying calcium-selective current which is inhibited by intracellular Mg 2+ , but is insensitive to store depletion, and I SOC , a calcium-selective store-operated current observed on inhibition of I ORCa by high intracellular Mg 2+ . Teramoto et al. [6] identified a very similar current in the same preparation. This current is severely attenuated in gon-2 mutant animals (and in gtl-1,gon-2 double-mutant animals), but is largely unaffected in gtl-1 mutants, although in gtl-1 mutants the sensitivity of the I ORCa -like current to magnesium is increased. Thus gon-2 may encode I ORCa . The electrophysiological properties of gtl-1 remain unknown. Teramoto et al. [6] have proposed a model in which GTL-1 is constitutively active, while GON-2 is rapidly inactivated by higher Mg 2+ levels, leading to transient permeability. The validity of this model and function of these channels under more normal culture conditions and, more pertinently, during the life of animals out in the world at large are fascinating areas for future research.
TRPM channels in defecation
Ultradian rhythms, i.e. rhythmic processes with a period of less than 1 day, are a fundamental aspect of life. One model system for the study of such systems is defecation in C. elegans [20] [21] [22] [23] . C. elegans defecate every 50 s. Defecation itself is brought about by a motor programme which results in a coordinated series of muscle contractions; however, underlying this programme is an oscillator that initiates the programme every 50 s. The oscillator is encoded in the intestinal cells of the gut and involves calcium release mediated through inositol 1,4,5-trisphosphate and its receptor, itr-1 [24] [25] [26] . Calcium imaging in the intestine reveals calcium signals in the posterior gut cells which are followed by a calcium wave that spreads in an anterior direction [26, 27] . The process is highly rhythmic, but can be affected by a wide range of mutants [21] [22] [23] . TRPM channel mutants have defects in this process. gtl-1 mutants have moderately disrupted regulation of defecation that is revealed at high temperature (K. Goyal and H.A. Baylis, unpublished work) or following transfer of worms grown at high Mg 2+ to 0 mM Mg 2+ [6] . gon-2 animals also have a slight constitutive disruption in defecation. However, gtl-1,gon-2 double mutants have a very disrupted defecation rhythm. This occurs not only under the unusual culture conditions required for growth of the double mutants [6] , but also in worms grown under normal conditions in which one or both channels is depleted by RNAi (RNA interference) (C.S.M Kwan and Baylis H.A., unpublished work). Analysis of worms under stable and standard conditions reveals that the primary defect in double mutants is in the regularity of the rhythm rather than its period (C.S.M. Kwan and H.A. Baylis, unpublished work), suggesting that the period and rhythmicity are under independent control, and TRPM channels play an important role in the latter. The mechanism by which TRPM channels alter defecation remains unknown. The defecation oscillator depends on calcium signals and on the behaviour of other channels at the membrane, e.g. the ENaC-type channel FLR-1 (fluoride resistance 1) [28] , so alterations in either of these properties may alter the cycle. In addition, it is possible that changes in Mg 2+ or the concentration of other ions such as Ni 2+ or Zn 2+ alter the properties of proteins required for the function.
The future
TRPM channels in C. elegans share intriguing similarities in their functions, in cation homoeostasis and cell proliferation, with their mammalian counterparts. In contrast with mammals, no role for TRPM channels in sensory function has been identified in worms to date. What are the next steps in our investigations of these proteins? There is a clear need for the description of the fundamental properties of the C. elegans TRPM channels. In the first instance, the channels need to be characterized in heterologous expression systems so that the properties of isolated channels can be compared with the electrical properties of fluxes observed in isolated cells and organs in both wild-type and mutant animals. More exciting is the ability to use genetic, RNAi and other post-genomic approaches available in C. elegans to dissect the regulatory and other interactions of TRPM channels. The gon-2 suppressor screens highlight one approach to such studies, while the advent of high-throughput RNAi screens for genes which enhance or suppress known mutations offers another [29] . Together with our increasing ability to measure the physiological properties of cells and membranes in C. elegans, in whole animals and in various preparations, C. elegans offers the true possibility of an integrated approach to TRPM channel function using analyses that range from molecular properties to whole-animal functions.
